peritoneal or haemodialysis. Two of the seven reported dyspeptic symptoms while the others had no abdominal complaints. Patient 8 had undergone a cadaveric renal transplant after having been on maintenance haemodialysis for three years. Postoperatively, she developed upper gastrointestinal haemorrhage. Gastroduodenoscopy revealed a gastric ulcer as well as duodenal pigmentation. Patient 9 presented with upper abdominal discomfort and normochromic, normocytic anaemia and duodenal pigmentation was noted at endoscopy. All nine patients denied regular purgative intake and sigmoidoscopy in six showed no melanosis coli. Patients 1-8 had been on regular iron supplements while patient 9, being anaemic, could also have received oral iron therapy before coming to our attention. Other clinical data aind endoscopic findings are listed in Table 1 .
The colour of the duodenal pigment varied from brown to black. It was spotty in distribution, usually maximal in the second part of the duodenum, extending as far as the endoscope could reach. The duodenal bulb was usually affected to a lesser extent.
The duodenal pigmentation in patients 1, 2, and 3 1673 taken from the second part buffer they were postfixed in 1% buffered osmium of the duodenum. Formalin fixed, paraffin embedded tetroxide for three hours at 4°C. Dehydration was histological sections were stained with haematoxylin carried out using increasing concentrations of and eosin, periodic acid -Schiff stain, Perls' Prussian acetone. The tissues were then left in a mixture of This technique permits identification of elements contained in minute areas within the cell. We were therefore able to identify the elements present in the pigment of duodenal pseudomelanosis.
Unstained sections from the same blocks as those used for electron microscopy were subjected to electron-probe x-ray microanalysis in a JEOL 100CX scanning/transmission electron microscope (accelerating voltage 60 kV) to which was interfaced a computerised energy dispersive x-ray spectrometer (Link systems 860 series 2). X-ray counts on both the angular and rounded electron dense bodies were collected for a period of 600 seconds live time. The spectra obtained and displayed on the cathode ray screen were photographed. Areas in the vicinity of the dense bodies were similarly analysed as controls. Electron micrographs were taken of the areas analysed.
CONTROI1 PATIENTS
Forty eight consecutive patients on maintenance haemodialysis who were undergoing gastroduodenoscopy as part of their pretransplant assessment and in whom the duodenum was macroscopically normal were studied. One biopsy was taken from each patient and stained for iron using the Perls' stain. Duodenal biopsies from the second part were also taken from 120 consecutive patients undergoing gastroduodenoscopy for miscellaneous conditions. These were also stained for iron in the same way.
Two of us (AW and IHS) graded the iron content of the duodenal biopsies independently, on a scale from 0 to 3+. If no iron granules were identified, the grade was 0. Specimens with sparse granules or a few isolated clusters of granules were graded 1 +, specimens with iron granules in a moderate number of macrophages were graded 2+ (Fig. 1c) , and heavy iron staining was graded 3+ (Fig. 2c) . In order to determine the reproducibility of this method of assessment, the grades from 47 consecutive biopsies were compared.
Informed consent was obtained from each patient. The present studies were carried out in accordance with the Declaration of Helsinki. The X test was used for statistical analysis.
Results

I IGHT MICROSCOPY
The pigment appeared as golden to yellowish brown, fine or coarse granules, mainly within macrophages in the lamina propria. A smaller amount was extracellular. Staining characteristics are shown in Table  2 . Three patterns were observed. The pigment in patients 2, 3, 4, 5, 8 (on the first occasion) and 9 was positive with the Perls' stain and negative with the Masson-Fontana method (Fig. 2) . In contrast, the pigment in patient 1 was negative with Perls' stain, positive with the Masson-Fontana method, but becoming negative after bleaching. The pigment in patients 6, 7, and 8 (second biopsy) was positive by both the Masson-Fontana method and the Perls' stain ( Fig. 1): after bleaching, the pigment became negative with the Masson-Fontana method but the iron stain remained positive.
E[ ECTRON MICROSCOPY
Representative electron photomicrographs are shown in Figures 3 and 4 . In patients 1, 6, 7 and 8, angular membrane bound, electron dense structures similar to those previously described"" were present. In addition, patient 8 also exhibited irregularly shaped structures. In patients 3 and 5, rounded or irregularly shaped electron dense structures could be seen. In some areas, these structures were slightly angular and seemed to be contained within lysosomal bodies.
ELECTRON PROBE X-RAY ANALYSIS (Figs. 5-8 ) All specimens showed peaks of copper and osmium from the grids and fixative respectively. In addition, the angular structures in patients 1, 6, 7 and 8 contained iron and sulphur (iron:sulphur ratio = 1: 1 17, 1:0 84, 1:0)41 and 1:(064 respectively). The more rounded structures in patient 5 also contained iron with a smaller amount of sulphur (ratio -1:0(15). The rounded structures in patient 3 contained only iron and no sulphur was detectable. Control areas gave no significant counts for either iron or sulphur. (2) In an endoscopic study of 110 patients on chronic haemodialysis we did not find petechiae or purpura in the duodenal mucosa. In contrast, petechial spots were found in the gastric mucosa in 28 of 120 cases. (3) Our patients 5, 6, and 7 were on chronic ambulatory peritoneal dialysis and no heparinisation was involved. (4) The proximal duodenum which is involved in duodenal pseudomelanosis is also the site of maximal iron absorption."3 We consider it more likely that the iron deposition came from luminal absorption. Impairment of subsequent transport would then result in its accumulation. All our patients on haemodialysis were on iron supplements and it seems likely that this was the cause of duodenal mucosal iron deposition seen in 71% of cases. The quantity of iron deposited presumably determined whether or not the pigment was macroscopically visible. The staining characteristics of the pigment on the other hand might be related to the amount of sulphur present in the pigment. The source of the sulphur is uncertain but may be derived from the diet. Haemosiderin and ferritin are also known to contain a small amount of sulphur. 14 Further studies on duodenal pseudomelanosis may advance our understanding of iron metabolism in patients with renal failure.
